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Reaction Mechanisms

* We now delve into some practical kinetic
reaction mechanisms.

* Such a mechanism specifies all species, all

thermodynamic and transport properties,
and all reactions and rates.

* We start with the simplest combustion
system, the oxidation of hydrogen.
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H2/02 Combustion

« H2/0O2 combustion chemistry 1s
important

— H2/02 mixture can be highly
explosive

— H2/02 combustion important in
own right (rocket propulsion, low
emission vehicles, fuel cells)

— H2/02 reaction mechanism is the
underpinning to virtually all
hydrocarbon chemistry
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The global reaction 1s:

|
H2 +502 — H20

Studied for over two centuries (Sir
Humphry Davy).

General behavior well established by the
carly twentieth century.

The heat of combustion for this reaction 1s
141,800 kJ/kg (HHV), which 1s two to three
times that of other common fuels like
gasoline.
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Table I. Detailed H2/O; Reaction Mechanism. Units are cm’-mol—sec-kcal-K, and k

= A T" exp(-E/RT).
I A o E Raferszce
H./0; Chain Reactions
1. H=0l=o0+OH 355x10% 041 166  Hosske[16)
2 O+-H; =H+CH 508 = 10* 267 629 Sutksrland ot 2l. [44] E 1 f
3. H+0H=HKO-H 216x10' 151 343 Mickeletal [43] Xal I Ip e O an
4. O-H0 = OH+0H 297 < 10* 2.02 134 Sutksrland ot 2l. [46]
[ ]
H,/0; Dissociation/Ri binasion React
o o s o e H-/O, reaction
Hy+Ar= H+H=Ar 584x10%  -110 10438 Tamgetal [47] 2 2
H,+He= H+H~Hs 584x 10" -1.10 10438  Sostext .
6 0-0+M=0,+M* 616 x10¥ 030 000  Ts=getal [47]
R e mechanism.
0-0+He =0C;~Hs 189x 10® 0.00 -1.7% Sos text
7. O=-HE+M = OH-M"* 471x10%  -10 000  Tsamgetal [47]
8. H=-OH+M = HO+M" 38x10% -2.00 0.00 Sos text
Formasion and Consumpion of HO;

8. H=0,~M = HO,~M* 637x10® 172 052  Michealotal [19] (M=N))
H=0,~M= HO,~M* X,  904x10®  -150 049  Mickeslotal [18] (M =Aror H)
k. 148x10% 060 000 Cobesatal [4]

10 HO,+H=H+0; 1.66 = 109 0.00 082  Muellaretal [1] Li, Z. Zhao, A. Kazakov, F.L.

oh‘

1. HO,+H = OH+OH T08x10% 000 030 Muollaretal [1]
12 HO,+0 = OH+0, 325x10% 000 000  Beulchetal [34] ]:)I.yer Int J Chem Kln 3 6
13. HO,+0H = HO-0, 289x10% 000  -0.50 Beulchetal [34] ) « Ve . .
S, (2004) 566-575.
14. HO,+HO, = H,0,=0;* 420%10* 000 1198  Hipplarseal [45]

HO,+HO, = H,0,~ 0, 130x10" 000  -163
15. HO,~M = OH+0H-M' ko 120%107 000 455  Wamaz[50)

k. 295x10* 000 484  Browwssetal [51]

16, H0,~H = H,0+OH 24110 000 397  Tsamgaeal [47]
17. H0,~H = H,+HO, 482x109 000 795  Ta=gstal [47]
18 HO,~0 = OH-EO, 955x10¢ 200 397  Ta=geeal [47]
19. H00,+OH = H,0+HO,* 100x10% 000 000 Hipploretal [52]

H,0,+OH = H,0+HO, 58x104 000  9.56

*Efficiency factors are: gxg = 12.0, g = 2.5, €4, = 0.75, and &g, = 0.75. When a rate
constant 1s declared specifically for Ar or He collision parter, the efficiency of Ar or He
is set to zero when determining M for the same reaction.

PEfficiency factors are: gmo = 12.0, g = 2.5, £4, = 0.38, and &g, = 0.38.

“When the main bath gas 1s N;. Troe parameter is: F, = 0.8. Efficiency factors are: ggio
=11.0, &5, =2.0, and go, = 0.78.

University of Colorado Boulder Copyright © 2019 University of Colorado



H,/O, Explosion Behavior
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Hierarchical Structure for Oxidation
of Stmple Hydrocarbon Fuels

C,, Furans, Alcohols, Aldehydes,
Ketones, Ethers, Esters, and Acids

CH,

C, and Higher
Hydrocarbon Species

C, Species
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Hydrocarbon

Compounds

Alkanes - Single bonds
Alkenes - Double bonds involved

Alkynes - Triple bonds involved

Arines (Aromatic compounds) - Rings

C——2C C——C C——=C
Ethane Ethene Ethyne
(Acetylene)

H

H H

pealielioN. .
H

Benzene
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Some Common
Functional Groups

Alkane

Alkene
Alkyne

Alcohol

Ketone

Aldehyde

Carboxylic Acid

Ester

Amide

Nitrile

-(CH,)-

R R

C—¢C




Types of Reactions

* Hydrogen Abstraction

X+HY - XH+Y

 Beta Scission (means breaking between 2d
and 3™ carbons.

H H H H
| l |
R,—C—C—R, >R —C + C—R,
I I | |
H H H H

e Unimolecular
A+ M - B+C+ M
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Example

. GRIMech 3.0

— Designed for natural gas combustion

— 53 species, 325 reactions
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Sources of Major Mechanisms

e GRI Mech

— http://combustion.berkeley.edu/gri-mech/version30/text30.html

« LLNL

— https://combustion.lInl.gov

 NIST

— http://kinetics.nist.gov

« Cal Tech Site
— https://www.theforce.caltech.edu//CaltechMech/

« CRECK
— http://creckmodeling.chem.polimi.it

* Plus many more.
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